Working memory is the process of actively maintaining a representation of information for a brief period of time so that it is available for use. In monkeys, visual working memory involves the concerted activity of a distributed neural system, including posterior areas in visual cortex and anterior areas in prefrontal cortex. Within visual cortex, ventral stream areas are selectively involved in object vision, whereas dorsal stream areas are selectively involved in spatial vision. This domain specificity appears to extend forward into prefrontal cortex, with ventrolateral areas involved mainly in working memory for objects and dorsolateral areas involved mainly in working memory for spatial locations. The organization of this distributed neural system for working memory in monkeys appears to be conserved in humans, though some differences between the two species exist. In humans, as compared with monkeys, areas specialized for object vision in the ventral stream have a more inferior location in temporal cortex, whereas areas specialized for spatial vision in the dorsal stream have a more superior location in parietal cortex. Displacement of both sets of visual areas away from the posterior perisylvian cortex may be related to the emergence of language over the course of brain evolution. Whereas areas specialized for object working memory in humans and monkeys are similarly located in ventrolateral prefrontal cortex, those specialized for spatial working memory occupy a more superior and posterior location within dorsal prefrontal cortex in humans than in monkeys. As in posterior cortex, this displacement in frontal cortex also may be related to the emergence of new areas to serve distinctively human cognitive abilities.
In the past several years, there has been an explosive growth in the field of human brain imaging. Much of this work has demonstrated that information processing in the human brain involves the concerted activity of multiple, spatially distributed cortical regions. Major goals for those engaged in human brain mapping of cognitive function include identifying the regions that participate in various information processing operations, characterizing the functional role played by each region, and modeling the interactions among regions. Functional brain imaging measures local hemodynamic changes, and these changes are used as indices of changes in neural activity (1) (2) (3) (4) . Because measurements typically are taken simultaneously in all regions of the brain, functional brain imaging is ideally suited for investigating the concerted activity among the ensemble of regions that participate in a specific cognitive function. Vision and visual memory have been especially fruitful domains for studies of distributed neural systems in the human brain. We share these functions with nonhuman primates, and there exists a rich literature on the neuroanatomy and neurophysiology of the monkey visual system. Thus, specific hypotheses and predictions can be derived from the animal literature for imaging studies of vision and visual memory in humans. In this review, we first will summarize the organization of visual processing pathways in the macaque monkey brain, and the further extensions of these pathways into prefrontal cortex for visual working memory. Next, we will examine the organization of human pathways for visual processing and working memory and describe the ways this organization resembles and differs from that in the monkey. Finally, we will present evidence that human and monkey prefrontal cortex play similar physiological roles in the maintenance of items in working memory.
Visual Processing Pathways in the Monkey
The monkey cortex contains at least 30 separate visual areas, occupying about one-half of the total cortex (5, 6) . These areas are organized into two functionally specialized processing pathways, each having the primary visual cortex (V1) as its source and each being composed of multiple areas beyond V1 (Fig. 1) . The occipitotemporal pathway, or ''ventral stream,'' is crucial for the identification of objects, whereas the occipitoparietal pathway, or ''dorsal stream,'' is crucial for spatial perception (7, 8) and for the visual guidance of movements toward objects in space (9, 10) . A simple way to conceptualize the functions of the two processing streams is ''what'' vs. ''where.' ' The original evidence for separate processing streams for object vision and spatial vision was the contrasting behavioral effects of inferior temporal and posterior parietal lesions in monkeys (for review, see ref. 7) . Lesions of inferior temporal cortex cause severe deficits in performance on a wide variety of visual discrimination tasks (e.g., pattern, object, and color), but not on visuospatial tasks (e.g., visually guided reaching and judging which of two identical objects is located closer to a visual landmark). By contrast, posterior parietal lesions do not affect visual discrimination performance, but instead cause severe deficits in visuospatial performance. Physiological evidence supports this distinction. Cells in areas within the ventral stream (V1, V2, V4, and inferior temporal areas TEO and TE) respond to visual features relevant to object identification, such as color, texture, and shape, whereas cells in areas within the dorsal stream (V1, V2, V3, middle temporal area, medial superior temporal area, and further stations in the inferior parietal and superior temporal sulcal cortex) respond selectively to spatial aspects of stimuli, such as direction of motion and velocity, as well as to tracking eye movements (for reviews, see refs. 5 and 11).
Areas within both processing pathways appear to be organized hierarchically, in the sense that low-level inputs are transformed into progressively more integrated representations through successive stages of processing. Within the ventral stream, for example, the processing of object features begins with simple spatial filtering by cells in V1, but by the time the inferior temporal cortex (area TE) is activated, the cells respond to global object features, such as shape, and some cells are even specialized for the analysis of faces (5) . Likewise, within the dorsal stream, the processing of moving stimuli begins with simple direction-of-motion selectivity by V1 cells, but in the higher-order areas of the parietal cortex (such as the lateral intraparietal and medial superior temporal areas) the cells respond selectively to complex patterns of motion, such as rotation, and to the optic flow patterns produced when one moves through the environment (12) (13) (14) .
Thus, much of the neural mechanism for both object vision and spatial vision can be viewed as a ''bottom-up'' process subserved by feed-forward projections within a pathway. Each of these feed-forward projections, however, is reciprocated by a feedback, or reentrant, projection (6, 15) . Projections from higher-order processing stations to lowerorder ones could mediate some ''top-down'' aspects of vision, such as the effects of selective attention on perceptual processing.
Monkey Prefrontal Cortex and Working Memory
Both processing streams, dorsal and ventral, have reciprocal connections with regions beyond the modality-specific visual system. One such set of connections includes those with the prefrontal cortex. Anatomical studies have shown that projections from areas in the dorsal stream terminate mainly in and around the principal sulcus [Brodmann area (BA) 46] of dorsolateral prefrontal cortex (16) (17) (18) , whereas projections from areas in the ventral stream terminate mainly on the inferior convexity (BA 12 and 45) in ventrolateral prefrontal cortex (19) (20) (21) . Thus, from an anatomical point of view, the domain specificity of spatial vs. object vision that is present in the posterior processing areas of the monkey brain appears to extend forward into the prefrontal cortex. There is abundant neurophysiological evidence that prefrontal cortex plays an important role in visual working memory (22, 23) , the ability to actively maintain and use an item of information for only a short period of time before it is discarded. The concept of working memory, as originally proposed by Baddeley and Hitch (24) , embraces several interrelated ideas, including the covert rehearsal of verbal material, a visuospatial ''sketch pad'' for visual and spatial information, and a ''central executive'' for attentional control.
In monkeys, working memory typically has been studied in either delayed response or delayed match-to-sample tasks. In both types of tasks, the monkey is given a brief cue at the start of the trial, which it must maintain in memory during a delay of several seconds. At the end of the delay, the monkey is required to make a choice or differential response based on the previous cue. Many studies have found cells whose response to the initial cue is sustained at some level during the delay period (for reviews, see refs. 23 and 25) . Thus, the memory of the cue appears to endure by maintaining the activity of the cells that represent the cue. Depending on the type of cue, cells with such delay activity have been found in the inferior temporal cortex (visual pattern or color cues), the posterior parietal cortex (spatial cues), and the prefrontal cortex (all types of cues).
Wilson et al. (26) have shown that the dorsal prefrontal areas that are reciprocally connected with dorsal stream visual areas exhibit sustained delay activity that is primarily related to spatial information, whereas the ventral prefrontal areas that are reciprocally connected with ventral stream visual areas exhibit sustained delay activity that is primarily related to pattern, color, object, and face information (Fig. 2) . Based on these physiological results, it seems reasonable to conclude that the visuospatial sketch pad in the working memory scheme of Baddeley and Hitch (24) can be divided at the neural level into two domains of processing within prefrontal cortex, a dorsolateral region for spatial-based information and a ventrolateral region for object-based information.
The preponderance of behavioral data in monkeys with cortical excisions bears out this distinction. Lesions of the cortex in the principal sulcus produce severe impairments on spatial memory tasks, such as delayed response and delayed alternation (27) (28) (29) . By contrast, lesions of lateral prefrontal cortex that are ventral to the principal sulcus impair performance on nonspatial memory tasks, such as delayed matchto-sample and object alternation (30, 31) .
On the basis of anatomical, physiological, and behavioral evidence in monkeys, Goldman-Rakic (32, 33) has conceptualized the organizing principle for the lateral prefrontal cortex in terms of ''domain specificity.'' According to this model, working memory processes within the lateral prefrontal cortex are mediated by separate regions according to the type of information being processed. Dorsolateral prefrontal regions would be principally involved in working memory for spatial information, whereas ventrolateral regions would be principally involved in working memory for nonspatial material (e.g., object-related information).
Although most experiments in monkeys have supported the notion that working memory in prefrontal cortex is organized according to domain specificity, results from two recent studies have raised some questions. In a behavioral study, Rushworth et al. (34) found that monkeys with ventrolateral prefrontal lesions (including BA 12 and the anterior portion of BA 45), though profoundly impaired in relearning a simultaneous color-matching task, were nonetheless unimpaired when subsequent delays were introduced. This finding contrasts with previous findings in monkeys with lesions of the principal sulcus, in which there is no impairment unless the task has both delay (30, 35, 36) and spatial (30, 31) components. On this basis, the authors concluded that ventrolateral prefrontal cortex may be more important for stimulus selection than for working memory. However, because the lesions in the study by Rushworth et al. (34) did not include the posterior portion of BA 45, namely, the portion within the anterior bank of the descending limb of the arcuate sulcus, they spared part of the prefrontal projection zone of the inferior temporal cortex (21) . Thus, the absence of a delay effect could be attributed to the fact that the lesions were incomplete.
A second recent study that does not appear to support the organizing principle of domain specificity is a physiological study by Rao et al. (37) . This study did not question the idea that ventrolateral prefrontal cortex is involved in working memory, but rather suggested that object and spatial domains of processing within prefrontal cortex are not strictly segregated. Recordings made in monkeys during a task that required both ''what'' and ''where'' information revealed that more than half of the neurons with delay activity showed both what and where tuning. There are two possible explanations for these findings that are not incompatible with the notion of domain specificity. First, it may be that different parts of lateral prefrontal cortex emphasize different domains of processing, but the segregation of processing between domains is not absolute. Alternatively, it may be that prefrontal cortex is highly modifiable, such that behavioral training on a task requiring the integration of what and where information alters the properties of the neurons within the region.
Visual Processing Pathways in Humans
The differential visual impairments produced by focal lesions in clinical cases suggest that human visual cortex, like that of the monkey, may be similarly organized into two anatomically distinct and functionally specialized ventral and dorsal processing pathways. The specific clinical syndromes produced by occipitotemporal lesions include visual object agnosia, prosopagnosia, and achromatopsia (ref. 38 ; for reviews, see refs. 39 and 40), whereas those produced by occipitoparietal lesions include optic ataxia, visuospatial neglect, constructional apraxia, gaze apraxia, akinotopsia, and disorders of spatial cognition (refs. 41-43, for review, see ref. 44) . Functional brain imaging makes it possible to map the organization of the human cortex with far greater precision than is possible with human lesion studies, and without the confounding influence of compensatory responses to brain injury. In experiments designed to investigate the possible existence of separate object vision and spatial vision pathways in humans, we measured changes in regional cerebral blood flow (rCBF) by using positron emission tomography (PET) while subjects performed object identity and spatial location match-to-sample tasks (45) . In the object identity task, the subject indicated which of two choice faces matched the sample face, whereas in the spatial location task, the subject indicated which of two choice stimuli contained a small square in the same location, relative to a double line, as the small square in the sample stimulus. Because these small squares contained faces, identical stimuli were used for both face and location matching, with only the task requirements changing.
Regions that were activated during performance of these tasks were identified by comparing rCBF during face or location matching to rCBF during the performance of a sensorimotor control task. As shown in Fig. 3 , early visual areas in occipital cortex were activated during both tasks. The face matching task, but not the location matching task, also activated the ventral occipitotemporal cortex, centered on the fusiform gyrus, i.e., areas of the ventral stream. By contrast, the location matching task, but not the face matching task, also activated the dorsal occipital, superior parietal, and intraparietal sulcal cortex, i.e., areas of the dorsal stream. These results confirmed the hypothesis that human visual cortex is organized into two functionally specialized and anatomically segregated processing pathways. Moreover, insofar as early visual areas showed less functional specialization compared with later areas, the results support the view that visual cortex in humans, like that in monkeys, is hierarchically organized.
The locations of the occipitotemporal and occipitoparietal foci activated by face matching and spatial location matching, respectively, are in good agreement with other PET studies of face perception and visuospatial processing (46, 47) . In addition, we have replicated the face matching results in a functional magnetic resonance imaging (fMRI) study using the same task and stimuli (48) . Unlike PET studies, in which the results of a group of subjects typically are averaged to increase signal-to-noise ratios and sensitivity, with fMRI the regions of activation can be delineated in individual subjects. The cortical areas in the ventral stream activated by faces and identified with fMRI were consistently the same regions on the fusiform gyrus and within the occipitotemporal sulcus that had been identified by the group average PET results, but they were of smaller spatial extent, a finding supported by other fMRI studies of face perception (49) (50) (51) . These results indicate that, because of anatomical variability across subjects, group averaging in PET tends to overestimate the size of an activated region.
In the posterior cortex of the human brain, the locations of the ventral and dorsal streams for object and spatial vision, respectively, are similar to their locations in the monkey. However, some differences are apparent. The ventral stream in the human brain, unlike that in the monkey, is located almost entirely on the ventral surface of the temporal lobe; in addition, it does not extend as far anteriorly in the human compared with the monkey. The dorsal stream in the human brain has a more superior location in parietal cortex than in the monkey. Such differences suggest that these regions of cortex were displaced in the course of human brain evolution. The inferior displacement of ventral stream areas and the superior displacement of dorsal stream areas both may be related to the emergence of phylogenetically newer areas specialized for language in the posterior perisylvian cortex. Similarly, the posterior displacement of ventral stream areas away from the temporal pole may be related to the role the latter cortex plays in semantic and lexical knowledge about objects (52, 53) . The results of our PET imaging study not only revealed the locations of object and spatial vision pathways in the human, but also suggested their further extensions into the frontal lobe. Face matching activated a region in the right inferior frontal cortex, whereas location matching activated a superior frontal region. Although this latter region initially appeared to be centered in premotor cortex, our results and those of others (47, (54) (55) (56) (57) (58) suggest that activity within the region is not dependent on motor planning or motor preparedness. Using fMRI, we have localized this region to the depth of the superior frontal sulcus (59) , and, as we shall see below, its functional properties are indeed characteristic of prefrontal rather than premotor cortex.
Localizing Visual Working Memory Systems in Humans
Finding separate prefrontal areas associated with object and spatial matching tasks, respectively, led us to ask whether the activations were caused by the working memory components of the matching tasks. To test explicitly whether these separate prefrontal regions play a predominant role in maintaining an active representation of object or spatial information ''on line'' after the relevant stimuli are removed from view, we designed a PET study of visual working memory in which the subjects had to retain either the identity or location of three faces presented sequentially in three different locations on the screen (56). As before, both the spatial location and face identity tasks used identical stimuli. Immediately after the presentation of the third face, a test stimulus was shown. The test stimulus was a face in a variable location. For the face working memory task, the subject indicated whether that face was in the memory set, regardless of the location in which it was initially presented. For the location working memory task, the subject indicated whether the location of the test stimulus was one of the locations in the memory set, regardless of the identities of the faces used to mark those locations.
Comparison of rCBF during performance of the two tasks again revealed differences between the ventral and dorsal pathways (Fig. 4) . The face working memory task differentially activated a large ventral occipitotemporal region, including the right hippocampus, which had not been differentially activated in the previous perceptual study of faces. The face working memory task also led to large activations in the right inferior and mid prefrontal cortex (BA 45͞47 and 46͞9). This region of activation overlapped with, but was more extensive than, the inferior prefrontal region that had been activated by faces in the perception study. The location working memory task differentially activated a large dorsal occipitoparietal region, which extended anteriorly to include, bilaterally, the same frontal area, located in the superior frontal sulcus, that had been activated in the perception study of spatial location. The results thus demonstrated that different types of working memory differentially activate separate prefrontal regions. Working memory for objects (for example, for faces) activates predominantly inferior prefrontal cortex, whereas working memory for spatial locations (for example, the spatial locations of faces) activates predominantly superior prefrontal cortex. These results therefore provide evidence that human prefrontal cortex, like that of the monkey, is functionally organized for working memory according to domain specificity, supporting the model of Goldman-Rakic (32, 33) .
Smith, Jonides, and colleagues (57, 58) also have directly contrasted object vs. spatial working memory, and, as we did, they found evidence for domain specificity in prefrontal cortex. However, their evidence indicated that domain specificity is primarily a hemispheric laterality effect, with a left mid-frontal region specialized for object working memory and right inferior and superior frontal regions specialized for spatial working memory. In our studies of face and spatial working memory, we found activations with similar coordinates, but the activations tended to be bilateral (59) (60) (61) . Smith and Jonides (57) attributed the left lateralization of object working memory to rehearsal of a symbolically or linguistically encoded representation of the object. We have seen left lateralization for face working memory under conditions that encouraged more symbolic or verbal encoding of the faces (60), but we also have seen right lateralization under conditions that allowed for more image-based encoding (56, 60) . We would argue that laterality effects in visual memory may be influenced by a variety of factors, such as memory set size, retention interval length, and item familiarity, all of which may affect the extent to which subjects engage in symbolic or verbal encoding and rehearsal (see below).
Owen (62, 63) has argued that human prefrontal areas are not organized according to domain specificity but rather according to ''processing specificity,'' that is, the nature of processing required. According to this model, put forth by Petrides (64, 65) , ventrolateral prefrontal regions are concerned with the organization of sequences of behavioral responses based on retrieval of information from posterior processing areas, whereas dorsolateral regions are recruited only when executive control is required, that is, when it is necessary to actively monitor and manipulate information within working memory. Owen's main argument against domain specificity is that spatial, object, and verbal working memory tasks all appear to activate BA 46͞9 in the middorsolateral prefrontal cortex (e.g., refs. 55 and 66-68) as well as BA 45͞47 in inferior (ventrolateral) prefrontal cortex (e.g., refs. 54-56, 58, and 66), the same general regions associated with, respectively, spatial and object working memory in monkeys. However, this kind of meta-analysis of the existing literature lumps together studies in which the comparison task varies widely. Thus, it fails to distinguish between activations of different strengths in prefrontal regions. The demonstration of a functional dissociation between working memory domains can be made only by contrasting, in a single study, activations during carefully matched working memory tasks, as we have done (56) .
It is also important to note that Owen (62, 63) assumed, based on results in the monkey, that any segregation between spatial and object working would be between BA 46͞9 and 45͞47. However, as we described above, and as others also have shown, the performance of spatial working memory tasks activates, not only BA 46͞9, but also a frontal area in and near the superior frontal sulcus (54, 55, 57, 58, 69) . Activations in this area generally have been dismissed because of their presumed location within premotor cortex or the frontal eye field (refs. 54, 55, 66, and 68; but see ref. 56) . However, we have demonstrated with fMRI that the region activated by spatial working memory lies just anterior to the human frontal eye field (59) . Moreover, activations in this region during spatial working memory tasks are not related to either skeletomotor or oculomotor components of the task, as these variables were controlled in comparison tasks. Therefore, the evidence to support the notion of domain specificity in human prefrontal cortex comes from the superior frontal sulcus playing a dominant role in spatial working memory rather than BA 46͞9 (see ref. 70 ).
To summarize, we find that areas specialized for object working memory in humans and monkeys are located within similar portions of ventrolateral prefrontal cortex. By contrast, areas specialized for spatial working memory differ in their locations between humans and monkeys, with the human area being displaced superiorly and posteriorly compared with that in the monkey. However, as in the monkey, in which the area specialized for spatial working memory is located just anterior to the frontal eye field, the same topological relationship exists in the human. The difference between monkey and human in the exact location of these dorsal frontal areas suggests that they were displaced by the expansion of more inferior and anterior portions of the prefrontal cortex. This expansion may be related to the emergence of distinctively human cognitive abilities. Examples of these abilities include abstract reasoning, complex problem solving, and planning for the future, consistent with neuropsychological descriptions of patients with frontal lobe damage (71) .
Following the Dynamics of Working Memory in Human Cortex
The time scale of working memory is typically on the order of seconds. It is therefore difficult with PET, which integrates activity over 1-2 min, to distinguish between activity related to perception and that related to memory in a working memory task. Our first approach to this problem was to design a task in which the delay between the presentation of a face to hold in working memory and the test stimulus was systematically varied (60) . We predicted that different delay intervals would have differential effects on areas principally involved in the perceptual aspects of the task compared with areas principally involved in the mnemonic aspects. With shorter delay intervals, the subjects would spend a greater proportion of time viewing pictures of faces, whereas with longer delay intervals, they would spend a smaller proportion of time viewing faces but a greater proportion of time holding a face in memory. Therefore, we predicted that areas principally involved in perceptual analysis would show smaller increases in rCBF with increasing delays, whereas areas principally involved in working memory would show relatively constant levels of increased rCBF as a function of the delay interval. The latter prediction was based on the fact that, in the monkey, areas that participate in working memory contain neurons that respond both to stimulus presentation and during memory delays, and, therefore, should be active throughout the face memory task, regardless of delay length.
We found that regions showing a significant negative correlation between rCBF increases and delay were restricted to the ventral occipitotemporal cortex, in areas essentially identical to the ones identified in studies of face perception. Thus, these areas are mainly active during the presentation of stimuli, not during memory delays. They are, therefore, likely to be more involved in the perceptual analysis of faces during the task rather than in the working memory component per se. By contrast, areas showing a more constant rCBF increase across all delays were in the prefrontal cortex, indicating that they are active during memory delays as well as during stimulus presentation. Thus, prefrontal regions likely play a more important role in the maintenance of a representation during working memory. Interestingly, right prefrontal activity tended to diminish at longer delays, whereas left prefrontal activity showed the largest activity increases at longer delays. One possible explanation for this hemispheric difference is that right hemisphere activity is associated with a simple, icon-like image of a face that is difficult to maintain in working memory, whereas left hemisphere activity is associated with a face representation that is more symbolic, and, possibly, verbal. More recently, we have taken advantage of the temporal resolution afforded by fMRI to reinvestigate the functional roles played by visual and prefrontal areas in face working memory (61) . Multiple regression analysis enabled us to decompose activations in a face working memory task into three functions, namely, a nonselective, transient response to visual stimuli, a selective, transient response to faces, and sustained activity over memory delays (Fig. 5) . Posteriorly, in ventral occipital areas, we found mostly a transient, nonselective response to visual stimuli, which did not differ between faces and nonface control stimuli. More anteriorly, in ventral temporal regions, we found a more selective response to faces compared with nonfaces, and also a small, but a significant, sustained response over memory delay intervals. Finally, three distinct prefrontal regions were identified that all showed greater levels of sustained activity over memory delays. Moreover, the relative contributions of perception-related activity and memory-related activity differed significantly for these three regions, suggesting they play different, functionally specialized roles in working memory. These results are a direct demonstration of memory-related sustained activity in human prefrontal cortex (see also ref. 72 ).
Conclusion
Our fMRI results have demonstrated the existence of areas in human cortex with response properties remarkably similar to those described in single-cell recordings in monkeys: (i) early visual areas in occipital cortex with relatively nonselective responses to complex or meaningful stimuli (5); (ii) later visual areas in temporal cortex with selective responses to meaningful stimuli, such as faces (73, 74) ; and (iii) areas in both temporal (75, 76) and prefrontal (25, 26, 37) cortices with sustained activity during memory delays. The degree of sustained activity in monkey prefrontal cortex during the delay period is typically greater than that observed in the inferior temporal cortex, and, unlike the activity in the temporal cortex, the prefrontal activity is not disrupted when the monkey processes other visual inputs during the delay period (76) (77) (78) (79) . These results suggest that prefrontal cells may be the major originator of the delay activity and may activate perceptual representations in posterior visual areas during the delay via feedback projections to those areas. The idea that sustained activity in posterior visual areas reflect top-down influences from prefrontal cortex is supported by the results of deactivation studies. Fuster et al. (80) have found that delay activity for object information in the inferior temporal cortex, though not eliminated, becomes markedly less selective during reversible deactivation of prefrontal cortex by cooling. Similarly, Goldman-Rakic and Chafee (81) have found that delay activity for spatial information in the posterior parietal cortex is greatly diminished during prefrontal deactivation. Although these kinds of invasive studies are not possible in the human brain, it is possible in neuroimaging experiments to reveal modulatory influences from feedback projections by mathematical modeling of the data (82, 83) . Mathematical modeling clearly adds a new dimension to the inferences one can make about functional interactions among cortical areas subserving specific cognitive operations, such as those engaged in working memory tasks (e.g., see ref. 84).
FIG. 5. Design and results of an fMRI study of working memory for faces (61) . (Upper) Design of the task. For each series of fMRI scans, subjects performed 3 1 ⁄2 baseline-activation task cycles, each consisting of two sensorimotor control trials followed by two working memory trials. During the memory task, subjects saw a picture of a face, a delay, and then another picture of a face. Subjects were asked to hold an image of the first face in mind during the delay and to respond with a left or right button press to indicate whether the second face matched the first. During the control task, subjects simply looked at the scrambled pictures and then pressed both buttons when the second scrambled picture appeared. Three time series are shown that represent the different cognitive components of the task: a transient, nonselective response to visual stimuli; a transient, selective response to faces; and sustained activity during memory delays. These time series (smoothed and delayed by convolution with a model of the hemodynamic response) were used as regressors in a multiple regression analysis of the time course of activation in each area. (Lower) Results from a single subject overlaid onto that subject's anatomical images. Activations are color-coded according to the relative sizes of the three regression coefficients described above. Areas that responded transiently and nonselectively to any visual stimulus, such as posterior occipital cortex (a), are shown in green. Areas that responded transiently and showed a selective response to faces over scrambled faces, such as fusiform gyrus (b), are shown in blue. Areas that showed sustained activation during the memory delay after the stimulus was removed from view, such as inferior frontal cortex (c), are shown in red. Areas that showed a combination of these types of responses are shown in a blend of colors. (From ref. 87.) 
